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National
Transportation
Safety Board

washington, D.C. 20594

AIRCRAFT ACCIDENT/INCIDENT SUMMARY

FileNo.: 193

Aircraft Operator: Southern Air Transport, Inc.
Aircraft Type and Registration: Lockheed £-382G, N517SJ
Location: Travis Air Force Base, Caiifornia
Date and Time: April 8,1987,1732 pdt
Occupantinjuries: 5fatal

Aircraft Damage: Destroyed

Tﬁpe Occurrence: Collisionwith the ground
Phase of Operation: Landing go-around

Circumstances of the Accident

Southern Air Transport (SAT) flight 517,.a Lockheed L-38PG operating out of
Travis Air Force Base (AFB), California, crashed at 1732 pacific daylight time oOn
April 8, 1937, following a practice instrument landing system {iLS) approach te
runway 21t at Travis AFB. The flight was conducted In visual metearoiogical
sonditions under the provisions of 14 Code of Federa! Regulations Part 91 for the
training of twao first officer candidatesand a flight engineer candidate all of whom
had been hired by SAT in the previous30 days. The captain and the flight engineer
check airman aboardthe flight had extensive experienceinthe L-382G airplane and
its similar military C-130 version. There were no passengers or cargo aboard the
flight. As a result: uf the accident. the airplane was destroyed by ground impact
forces ard the effects of a postcrash fire. All five crewmen were (statly injured.
Ground damage was limitedto an airfield#)erimeter fence that had been struck by
the jeft wing about 1000 feettuthe left ofthe runway and ground scars associated
with the impact.

Flight 517 departed Travis AFB about 1157, April 8, 1987, on ?hefirst of a series
of training flights conducted in N5178) on that day. The fj Pt proceeded to
Sacramento, California, where training was conducted anof% e airplane was
refueled. It returned to Travis AFB, and after a partial crew change the fiight
departed at 1445 for a 3-hour iocal training flight. During the flight, the crew
conducted approaches and practice {andings at McCiellan AFB near Sacramento.
The flight returnedte Travis AFB for the completion of the training.

Conversations recorded by the cockpit voice recorder (CVR) indicated that it was
the captain's intention to make a fult stop landing following the iLS runway 24L
approach that precededthe accident. Duringthe practiceinstrumentapproach, the
airplane was being flown by a first officer candidate who had NO previous
1-382/C-130 flight experience. At 1729:36, the flight engineer reported that the
flaps were fult (down) and the before landing checklist war complete. As the first
officer operated the flight controls, the captain provided instructional guidance
regarding altitude. airplane attitude, airspeed, and power corrections during the
approach. Communications among the cockpit ¢rewmembers were routine until
moments before touchdown.



At 1731:21, the captain remarked, "Okay, just Set the nose down here .. yoy're
tco high to start rounding out. Don't add any power . .. okay, a little Dit of
rudder. ..okay, letthe airplane down, letthe nose down." lust before touchdown
the captain advised, "All right now, come off onthe power. . .just raise the nose a
little bit here." As the airpiane touched down the captain exclaimed, "Oh, oh, oh.
I've get it, i've got it"; he assumed control of the airplane and began a go-around.
The CVR recorged sounds similar to engine winddown and a sound associated with
a momentary electricai power interruption {to the CVR) as the captain assumed
control andthe wheels touched down at 1731:44.

At 1731:45, the captain asked, "We lost an engine?" Responses from the flight
engineer check airman and the flight engineer candidate were, respectively, "We
lost one,™ and "Two, $kip." (Skip was a nickname of the captain.) At 1731:52, an
unidentified crewmember said, 'Haps up.” At 1731:57, the captain stated, "Power
on." Tine sound of impactwas recordeda i 1732:00.

The flight data recorder {FDR} indicated that,the airplane touched down initially
at 105 knots indicated airspeed{KIAS). The airplane heading remainedwithin 10° of
the runway heading for about 10 seconds after the captain assumed control.
Afterward, the airpiane heading deviated rapidly to the left as the airplane entered
a gradually steepening left bank. The FDR airspeed trace indicated that airspeed
also remained essentially stabilized for about 14 seconds, but deteriorated to
88 KIAS while the airplane turned left about 88" during the attempted landing go-
around. Based an the heading change rate, it was calculated that the airplane's
angle of bank reached about 50" before impactwith the fence.

Twenty-five witnesses to the crash were located on and about TravisAFB and in
the control tower. They described a normal approach to runway 21L until the
airpiane pitched upward near the touchdown point and rolled to the left. One of
the tower air traffic controllers said he saw a puff of black smoke at ?he
approximate airplane touchdown point en the runway. Since tire scrubbing ai
touchdown usuaily produces a grey-white smoke, the Safety Board consideredthat
the tower controller may have observed an indication of a powerpiant problem at
the pointwhere the go-around was initiated.

Other witnesses said the airplane did neot, subsequently, climb higher than
300feet. The witnesses described a left bank at low altitude which steepened until
the airplane collided with the airfield perimeter fence in a nose-low and steep left
wing low attitude. An explosion, a ball of fire, ar.d smoke was observed
immediately after the crash.

A Travis AFB weather observation taken at 1739,a few minutes after the crash,
was: clouds--3,000 feet scattered, 12,000 feet scattered, 25,000 feet thin broken;
visibility—40 miles; temperature--71°F; dew point--54°; wind from 220" at 10knots;
and aitimeter--30.04 inHg. kt 1728:58, when flight 317 was beginning the
approach, Travis tower advised, “. . .wind 220 at 10, cleared to iand runway 21Lt.
Caution, wake turbulence preceding heavy B52." The captain of flight 5?7
acknowledged the informationand read back the landing clearance Therewere no
further radio transmissions from the flight. #t was determined that the preceding
B52 had been 7 miles ahead of flight 517 and had made a touch-and-go {anding on
runway 21l 3 1/2 minutes before the accident. Consequently, wake vortices from
the BS¥ were not considered 1o be a factor inthe accident.



Emergency Response

Travis AFB controltower personnelinitiated crash ratifications at 1732. Travis
AFE Fire Department firefighting and rescue operations were in progress at the
crash site at 1737. The postcrash fire was under control at 1744 and was declared
outa: 1754, exceptfor small magnesiumfires along the wreckage path. Emergency
medical persennel respondedto the crash with the fire department but founga that
the crewmembers were deceased. The causes of death were attributed t o muitiple
traumatic injuries. Postmortem examinations revealed no medical or toxicological
factorsrelevanttothe accident.

Travis AFB and the Scianc County Office of Emergency Services have disaster
plans with specific guidelines and checkiists to be used in such emergencies. Those
plans are practiced annually In joint training exercises and were impiemented in
response to this crash. The Safety Board found the response to be timely and
appropriate to the circumstancesof the accident.

The Accident Site

The wreckage path began at the airport perimeter fence, 1,048 feet left of the
runway 21L centerline and 5,634 feet down the runway from the approach end.
The damaged top rail of the chainlink tence was contoured to the shape of the
ieading edge of the wing. Airplane debris and several ground scars, beginnin
19feet east of the fence. marked the path of the airplane as it crossed 302 feet o
open pasture. Fragmentsdf the leftwing, including the navigation lightfixture and
the fuel jettison pipe, were among the first airplane piecesfound along the path.
The path was curved, initially oriented to 120° magnetic but changing to 095°
beforethe airplane came to rest. Severai well-defined propeller slash marks in the
groundwere observedalong the path. The cockpit area of the airplane was heaviiy
damaged by impact forces and fire. The remainder of the fuselage revealed littie
fire damage. The left wing, outboard of the number 1 engine naceile, was
fragmented. A large wing section (exclusive of engines), comprising the entire right
wing, the center wing section, and a large left wing section was largely intact but
exhibited impact and postcrash fire damage. The engines and propellers were
separatedfrom the wing sections.

All of the major sections of the airplane and all control surfaces were found
along the wreckage path. Examination of the airplane revealed no evidence of
preimpact faiiure or malfunction involving the airplane structure or fiight control
surfaces. There was NO evidence of an inflight fire or explosion. The wreckage
indicated that the landing gear were fully extended and the flaps were extended
about 35 percent with no flap dissymmetry at impact. (According to SAT
procedures, the normal position for the flaps during a landing go-around, is
50 percent.) The aileron, rudder, and elevator trim tabs were found in neutral trim
positions. The aileron, rudder, and elevator booster assemblies operated when
functionally tested after the accident.

All sf the crossfeed fuel valves were found closed and all ofthe engine main
tank fueil shutoff valves were open. Refueling records, fuel consumption
calculations, and postcrash fuel gage readingsindicatedthat there was a substantia!
amount of fuel remaining in each of the main tanks at the time of the crash. None
of the engine fuel heateristrainer assemblies were obstructed by foreign material.
Examination of the fuei system did not reveal any indication of a problem thst
would cause a loss of engine power.



Examination of the left horizontal stabilizer and elevator aft of the number 2
engine revealed a discolored area with a definite spiash or spray pattern.
Laboratory analysis later confirmed the presence of engine oil (the type used by
SAT) streaking on the top surface. One of the witnesses reported that he had
observed a vapor ar mist trail aft of the number 2 engine that was different than
the smoke patterns aft of the other engines during the approach to runway 21L.
The Safety Board determined that there had been recent, significant leakage of
engine oll from the number 2 engine. However, the analysis did not confirm
positively that there was significant feakage of engine oil on the accident flight or

thatfeakage from the number 2 engine wasiimited to engine oil.

The Enginesand Propeliers

NS17S! was powered by four Allison 531-D22A turboprop engines driving
Hamilton Standard 54H60-117 four-blade, full-feathering, reversible-pitch
propeliers. The engineswere serviced with Exxon 2380 turbo «if, and the propellers
were servicedwith MIL-H-5606& hydraulicfluid.

The Safety Board's examination and testing of the engines, propellers, and
related accessorieswas conducted in stages, beginning atthe accident site and then
continuing at overhaul and testsites.

All of the propeller components that were not attached to the individual
assemblies were found along the wreckage path except for a few small blade
sections of the number 3 propellerthat were found about 700 feet north-northeast
of the remainder of the number 3 propeiler. The damageto the propeller and to
the riﬁht side of the fuselage revealed evidence that the rotating number 3
propeller contacted the .fuselageduring the impact and breakup of the airplane.
The blade roots of all 16 propeller blades were retaired within their respective
hubs. The propeller blades of engines 1 and 2 showed evidence of less power at
impact than did the blades of engines 3 and 4. The propeller disassembly
inspections revealed blade shim plate impact marks which were consistent with
impact blade angles of 28° to 20° for propeller numbers1, 2, and 3 and a blade angle
of 33"to 35° for propelier number 4. Further examination and testing revealed no
evidence of pre-impact malfunction of the propellers.

All of the engines had suffered impact damage, but only the compressor intet
and accessory gearbox section of the number 1 engine power section suffered major
fire damage. The accessory gearbox ¢f the number 1 engine was destroyed by fire.
The accessory gearbox of the number ¢ engine was attached; the accessory
?earboxes of the numbers3 and 4 engineswere separated and damaged by impact

orcesl. All of the power section magnetic chip detectors were free of magnetic
particles.

The numbers 1, 3, and 4 eny ine power sections were disassembledto expose the
compressor sections, th2 com/Oustion sections, the turbine sections, the engine
bearings, and the compressor air bleed valves. The number 2 power section was
disassembled to expose the turbine section; the cornpressor air sieed valves and
engine accessories were removed for further examination. The number 2 power

section was subsequently reassembled (substituting serviceable parts where
necessary)fer a test run.



All of the internal surfaces and components of the numbers 4 and 2 engine
compressoss were coated with atar-like residue. A similar but ess extensive oiiftar
residue coated the internal components of the number 3 and 4 compresses. The
number 3 and 4 compressars also had ingested mud or dirt inthe impact sequence,
&utdirtingestionwas not noted in compressors 1 and 2. Similarly, itwas notedthat
the number 1 and 2 ecmpressor 5th and 10th stage air bleed valve interior anti
exterior surfaces were coated with an oil#tar residue that impeded the proper
actuation of some of the 5th stage valves. The contact surfaces betweenthe boé)ies
of twe of the number 2 compressor fifth stage air bleed valve assemblies and their
respective pistons showed a heavy unbroken coating of residue indicating that

valve assernblieswereneot closing during engine operation. Athird fifth stage
air bleed valve from the same engine showed evidence of partial closing during

engine operation. Attempts t0O positively identify the adhering residue were
inconclusive.

The turbine sections of the numbers3 an3 4 engines exhibited heavy blade rub
and bending or curling of bladesin the direction opposite turbine rotor rotation. By
contrast. the turbine A)Iades of the number 1 enyjine evidenced light blade rub;
turbine blade rub was not observed in the numﬁ)er 2 engine. This evidence in
combination with the condition ot the propeller bladesindicated that the numbers
3 and 4 engines were operating and delivering power to their propellers until
impactwith the ground. The condition of the engine compressor sections of engine
numbers 1 and 2 indicated that while the engines were operating, the engines
sustained a power loss, related to oiltar accumulation in the compressors and air
bleed vaives, before impact.

To resolvefurther the ability of the numbers 1and 2 enginesto produce power,
the number 2 engine power section was tested at the Allison Gas Turbine Division
(ofthe General Motors Corporation), Indianapolis, Indiana. The examination of the
engine before the &=t revealed a tar-like substance coating the compressor gas
path and on various external engine surfaces in addition to the air bleed valves.
Damageto several components required their replacement in order to accomplish
the tests. Thus, the 5-4 bieed manifold and seat. two fittings, and one bleed system
hosewere replaced.

In one test, all of the bleed valves were reptaced with functional valves. twas
subsequently found that the replacement 5-1 valve did not actuate properly
because of a plugged high pressure bleed hose. The tar-coated 5-1 bleed vaive
operated whentested. The tar-ceated 5-4 valve would not open properiy but could
not be tested because of apparent impact damage. With functional bleed valves
installed, the engine produced 88 percent of rated power at the take-off power
point (a 12 percent Ioss%,cver 20 percent loss in surge line, 9.6 percent loss in
airfiow, and 5.5 percent loss in compressor efficiency. These test results indicated
that the number 2 engine was incapable of delivering normal power atthe tiime of
the accident.

A compressor wash using B & B 3100 cleaner (prescribed for the Allison 501-D22A
engine) was only slightly effective in restoring power. Walnut shell cleanin
resulted in substantially improved engine performance. After such cleaning, th
engine exhibited 100 percent of rated power at the take-off power point.
restoration of ever half of the surge line deterioration, airflow within 2.4 percent of
a norn|1al production unit, and the compressor efficiency was within 1.3 percent of
normal.



Sound Spectrum Examination

An examination of the sounds recorded by the CVR cockpit area microphone
allowed the Safety Boardto document engine sound frequencies and to calculate
associated engine speed in revolutions per minute {rpm). The sounds documented
could nat be positively attributed to specific engines using the sound spectrum
information alone; butincombination with other information, conclusionsspecific
to some of the engineswere substantiated.

The sound spectrum indicated normai operation of all engines in the seconds
befcre torichdown onthe runway. After touchdown, duringthetime whenthe go-
around was being initiated. the sound frequency plot indicated that two engiﬁes
decelerated about 40 percentrpm while the other engines continued to operate at
the engine's normal governed operating speed of 160 percent.

It was noted that the recording speed of the CVR initiaily slowed during the
reduction in engine speed described above and that electrical power to the CVR was
interrupted briefly, indicating a transfer of electrical power from the number 2
engine-driven generator (which powersthe CVR) to a generator driven by another
engine. The recording gpeed of the CVR returned to normal immediately after ?he
electrical power transfer.

The recording speed of the CVR is dependent on the frequency of its input
voltage. Therefore, when it was established that the recording speed of the CVR
returnedto normai after the electricaltransfer, it was concludedthat the CVR had
been transferred to an engine-driven generator still operating at or near
100 percent. Only one electrical power interruption was indicated by the CY¥R
recording. With the electrical power distribution of the airplane, electrical power
would have been initially transterred to an electrical bus powered by the number 1
enginedriven generator {following a 0SS of power from the number 2 engine-
driven generator), unlessthat generator was operating at a speed lower than its
ﬁ]enerator cutoff speed (90 percent). in the event of a loss of electrical power from

e numbers 1 and 2 engine-driven generators, the electrical power to the CVR
would have come from an eiectrical bus powered by the number 3 engine-driven
generator. Since there was only one electrical bus transfer and there was other
evidence of a loss of power involving the number 1 engine, it was concluded that
the power lossinvolving the number 1 engine precededor occurred simuitaneously
with ?Re loss oF power from engine number 2, and the number 3 engine-driven
generator assumed the electrical load of the CVR. The sound freguency plois
showed that at leastthe number 3 engine and probably number 4 operated in the
100 percent rpm range after the electrical transfer and until the end of the
recording.

Aircraft Performance

The landing ge-around performance of the accident airplane was examined to
determine whether it was consistent with the predicted performance of an L-382
either with a loss of power from the number 2 engine alone or with a ioss of power
from engines 1 and 2 in combination. The airplane gross weight at impact was
about 83,541 pounds. The Safety Board found that the airplane was loaded in
accordance with the applicable weight and center of gravity limitations. Stall
speeds (1 G} for the L-382 with flaps fuily extended and with flaps retracted are
78 knots and 26 knots, respectively. The Airpiane Flight Manual contained three-
engine air minimum controi speed (Vmca) data. in this case, Vmca data, assumes



maximum permissible ?ower gn all operating engines, the inoperative engine's
propeller windmiliing, Tull reedder deflection, 5° of bank awanrom the inoperative
engine, gear down, and flaps at 56 percent. The applicable three-engine Vmca
assumes a loss of power from the most critical engine (number 1}. With the loss of
the number % engine and the environmenta! tircumstances of the accident, Vmca
would have been about 103 knois. A loss of power from the number 2 engine alone
wouid have been significantly less critical because sf the reduced asymmetry of
thrust in that condition. Under those circumstances directional control could have
]?een maintained atthe airplane's stall speed and Vmca would thus not have beena
actor.

The failure of one of the airplane’s four engines IS not normally consideredto be
critical from the standpoint of continued safe operation. However, the failure of a
second engine would present a substantially more significant problem, particularly
when the two inoperative engines were on the same side. The yawing moment
caused by the most adverse thrust asymmetry, occurring when the tweo operatin%
emigines are at high power, Is significantly higher than the yawing moment with
only one engine inoperative. Consequently, the aerodynamic force required for the
airplane's rudder PO prevent an uncontrollable yaw is greater. That force is a
function of airspeed and rudder deflection.

The force requiredto defiect the rudder againstairipads on the L-382 airplane is
boosted by h!draulic system pressure. Under normal circumstances for landings,
that is with #taps extended beyond the 15 percent (flap handie) position, the
independent utility and booster hydraulic systems supply 3000 pounds per square
inch (psi) operating pressureto separate halves of atandem actuating cylinder that
positions the rudder. When either of these hydraulic systems is inoperative. for
example, with the complete loss of bothengines or engine-driven hydraulic pumgs)
on one wing, the force availabte to deflect the rudder is halved. Further, whenthe
wing flap handle is placed ina positiontess than 15 percentextended, the operating
pressure of both systems at the rudder boost actuator is reduced from 3000 to
1.300 psi. Therefore, under circumstances when both engines ¢n one wing are
inoperative and the flap handle is raised, the force avaiiable from the rudder boost
actuator is reduced to approximately 21 percent of the force availabie during
normal operation.

The combined effect ¢f the yawing moment and the reduced rudder boost
actuator force result in a significantly higher Vmca. The airplane manufacturer
calculated that the appiicable Vmca could be as high as 177 KIAS under conditions
wherein the numbers 1 ana 2 engineswere inoperative (with the utility hydraulic
system depressurized). the number 1 propeller was windmilling. the number 2
propeller feathered. andthe flap handlewas inthe retracted position.

The airplane’s flaps receive hydrautlic pressure from the utility hydraulic system
and the uti!itx hydraulic system receives pressure from the number 1 and 2
engine-driven \ydraufic pumps. The flaps cannot be extended hydraulically without
utility system pressure, but they can &e extended manually using an emergency
procedure and a handcrank. The handcrank is not lecated In ?he cockpit and
requires about 650 turns for full travel of the flaps. Since the CVR revealed no
conversation regarding use of the manuai flap extension/retraction system and little

time was available to implement the procedure, the Safety 8Beard concluded that
the procedurewas notusea.



Normally, fuil flap extension or retraction by the hydraulic system requires 12 to
13 seconds. The flaps are driven to their extended positions by mechanicai drive
screw assembiies and are held in position by spring-foaded flap brakes; thus, loss of
hydraulic Bressurewould not allow flap positionsto be altered by air loads. Since a
crewmember called, "Flapsup,” and the flap handle was found nearthe up position
and other evidencethat indicatedthat the fiaps were in an intermediate position. it
was concluded that there was suffictenit atility system hydraulic pressureto release
the flap brakes.

Crew Decisions

Examination of the cockpit conversation revealed that the captain had been
concerned before touchdown that the pitch attitude established by the first officer
was incorrect for ianding. One second before touchdown, the captain advised his
student to start raisin%t e nose. The FDR documented a positive G spike to 1.45 at
touchdown followed by a reduction in G loadingto & value beisw 1.G. The captain
assumed contrel, and according to FOR data and CVR conversation, the captain
rapidly advanced the throttles and corrected a high nose-up pitch attitude as he
initiatedthe go-around.

The evidence indicates that the number 1 and 2 engines both failed to respond
normaily, and io fact. decelerated about 40 percentfollowing throttle advancement
at the commencement sf the go-around. ' Despite the power loss, it is likely, at
60 percentrpm, that at leastone of the two engineswas producing sufficient power
to maintain hydraulic pressure on the utility system, aibeit at some possibie
reduction in avaiiabie pressureversusflow rate. Also, atthe commencementof the
go-around, it is likely that the flap handle remained in an extended position.
consistent With the 100 percent flap position selected for landing. Thus. ful!
(3,000 psi)r%ydraulic pres: .etothe rudder booster actuator was probabiy available
Initially, and the vawing moment produced by the asymmetry of thrust (with partial
thrust from number 1 and 2 engines and fuil thrust from number 3 and £ engines)
was probably initially controliable with rudderdeflection.

However, 13 seconds after the captain assumed control, a crewmember said.
"Flapsup.” Apparently in response, the flap handle was raised ana flap retraction
began. The flaps did not retract completely, but reachedthe 35 percent extended
position which Is an indication that utility rmydraulic system Fressure probably was
available in the last seconds of the flight.” The actien of retracting the flaps
producedtwse adverse &ffects which probably resultedin an inability of the crew to
retain directional control of the airplane: (1) the movement of the flap handle to
the retracted position would have reduced rudder boost actuator pressure from
3,000 to 1,300 psi; and {2) the demand for utitity system hydraulicflowto the flap
system mighthave resultedin as'8nificaot reduction of pressureinthatsystem. The
consegoence of this action woulOhave been a reduction in available rudder force,
and a sudden decrease B rudder deflection (despite the efforts of tha crew). Under
these conditions Vmca was significantly higher than the actual air speed and the
airplane began an uncontrollable yaw to the left. The immediate increase of
aerodynamic drag further aggravated th2 controtlability problem to preciude the
possibility of recovery inthe go-around.

Tie Safety 8oard does not fauit the captain's initial decision to commence the
go-around when he became aware that the airplane was not in a position to
properly continue the landing. However, soon after the captain advanced the
throttles, he should have beceme aware of the asymmetrical ‘thrust condition. This
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awareness shouid have been reinforced by crewmember comments, the sounds of
the engineswinding down, and the rhangesin engine instrument indications. The
captain had substantia! warning that the airpiane was experiencing a loss of power
from at least one engine, but that information did not become apparent unti! the
go-around had been commenced. After the go-around was commenced, it is
apparentthat the captain either did not recegnize promptly that power had been
fost from two engines or that the loss of power would J)otentially render the
airplane uncontrollable at the speed a which the go-around was commenced.

In retrospect, itis clear that the best decision a?that time would have been to
refand the airplane. However, the captain was able to maintainrunway heading for
about 10 seconds, and hirdecision ‘o continue may have beeninfluencedinitially by
the absence of an apparent control proeblem. Also, the pilot may have been able to
control the airplane. depending on the degree of engine power available. were it
not for the decision to raise the fiap handle to the retracted position, a decision
which was contrary to engine inoperative emergency procedures. The Safety Board
believes that the 10ss of directionai control began beforethe command to raise the
flaps. but was aggravatednl}g the movement of the fitap handle which reduced
system hydraulic pressure and rudder effectiveness. The decision to raise the flaps

uring the go-aroundwas not only incorrect but it contributed to the cause of the
accident by renderingthe airpiane uncentroliable.

in that the captain continued the go-around until control was lost rather than
attempting to reland at the first indication that heading and roll control could not
be maintained, the %afety Board also beiiav=s that the captain's decision
contributed to the consequences of the accident. Apparently. the captain did not
recognize that the kss OF power experienced by the sirplane would rende: the
airplane uncontrollable atthe speed at which the go-aroundwas commenced. The
Safety Board believes that his continuing the go-around after receiving cues
associated with a less of power from one or more engines must have been
influencad by a conviction that the airplane could be flown out ¢f is precarious
gircumstance.

Engine Maintenance

A detailed inspection of the avaitabie airplane maintenance records was
conducted to resolve the source of tire turbo-engine oil residues observed on the
horizontal surfaces aft of the number 2 engine and the source of the tar-like
residues found In the compressor gas path of the number 2 engine and on the air
bleed valves of three engines. The maintenance records indicatedthat the required
scheduied maintenance checks ana inspections were accomplished OR time. All
aﬁpﬁcabie airworthinessdirectives and service instructions had been accomplished.
The airplane was manufactured in 1974 and had beer: operated 17,026 hours and
8,146 cycies. All of the engines had been operated in excess of 8,600 hours since
overhaul. The mostrecentengine change (number 1} occurred on March 26, 1987.

However, the engines and propellers had a recent history of oil leaks. The
number 2 enginefpropel!er was changed on April 3, 1987, 5 days before the
accident Some of the recent reports and actions indicating oil usage or leaks
follow:

March 12- #3 prop oil fow; added 1 quart.

March 30 - X2 prop oii light came on; added 1 quart.
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March31 - Check #2 prop oil and service, oil lighton; serviced prop
with 1 quartail.

April' 1 = Engine #1 oil low; added 6 quarts. Engine #2 oil low;.
added 4 quark: #3 engine oil low; added 3 quarts. #4 engine oit
low; added 4 quarts.

Agril 3 - X1 prop oil light came on inflight, continued operation for
1.5 hourswith propeil light on. Serviced prop, 1 quart low; serviced
engine. 3 quarts low.

April 6 - #1 prop oil Sghtcame on in flight, flew aircraft with prop
low light on 2 hours. Replaced #1 pump housing and valve
assembly.

Allison and SAT Maintenance Manuals contained a procedure for nonroutine . -
deaning of the engines using aliquid cleaner inthe eventof propelleror engine oii
leaks. The SAT procedure required the washing of engine compressors "anytiriae.
visible contamination exists, after exposure to prop oil, or compressor
contamination is suspected:; There was no company procedure for routine
compressor cleaning. Although there were several reports and indications of, -
propeller and engine oil teaks involving N5178J in the 90-day period preceding the
accident, there was no record that SAT cleaned the compressors of the engineson
N517s) fotlowing any OfFthe incidents

An SAT mechanic who inspectedthe airplane before the April 8, 1987 flights,
reported that he did not observe .any visible contamination of the engines that
would have required engine cleaning. Also, recent flight engineer logs for the
airplane provided a record of normal turbine inlet temperatures, normal engine
torque.indications, normal fue! flow, and normal rated power indications through
April 3, 1987. (fligint engineer recordswere not avaitable beyond April 3)) These
records and the Aprit 8 inspection indicated to the.Safety Board.that'any
deterioration inthe condition of the engines was not readily apparent by external’
inspection or by the performance of the engines-at least unt’* 5 days before the
accident. Thus, itwas indicatedthat the accumutation of oil residues within the
engine compressors had only begunto degrade engine performanceinthe fastfew
days before the accident tfthe SAT mechanic’s preflight evaluation OFthe engines
was correct, then there would be'reason to conciude that substantial propetter or
engine oil leakage occurred during the accidentflight. Howewer, the nature of the
residueswithin the enginesindicated tong term contamination.

“While the maintenance records did notsuggest a specific source of an oif teak
that mighthave occurred on the accidentflight, the recordsdid indicatethat there
had beenman?v lost opportunities to remove potentially damaging oll residues from .
the engines foltowing oil leakageonother recentflights. The Safety Board believes.
that the failure.of SAT maintenance to cleanthe engine compressors following oil
leaks inthe monthsbeforethe accidentatiowed the accumulation of oil residuesin
the engines and made.the engines susceptible to related performance problems.

Consequently, these maintenance omissionsare consideredto have been a cause of .
the accident. -



i1

The Safety Beard believes that the performance ob the number 2 engine during
istesting inIndianapoliswas indicative of the performance problems experienced
by both the numbers 1 and 2 engines 0On the accident flight. Because of the
componentsthat had to be replaced during the testing ,the &t results, aithough
unacceptable for an in-service engine. prabably exceeded the performance of the
engine immediately befcre the accident. Although the examination and testing of
the engine did not revea! the exact source of an oil ieak on the accident flight, the
testing did show conclusivei{ how accumulated oil residues in the compressors of
turbopropelier enginescoula impede the performance ofthe engine and propeller
in responseto rapid throttle movement. The testing did not substantiate whether it
was engine oil or propeiler ¢il or a combination of oils that was responsiblefor the
accumulation sf oil residues that impeded engine performance. In that the
propellersare designed to provide airflow throu% the engine inlet, it B concluded
that either propelter or engine oil leakage had the potential to cause the
degradation of performance indicated inthe numbers 1 and 2 engines. Either could
have introduced the oil that accumulated within and impeded the performance of
the number 1 and 2 engines. The Safety Board believes that the lack of power
section response from the number 1 and 2 engineswas directly attributable to the
accumulated Oll residues in the dirty compressors and air bieed valves. This
condition renderedthe engines unableto respondto o recover from rapid throttle
movementand the inability of the power sectionsto providethe power needed to
support normal propeller biade angle mechanical scheduling. As a result, the
number 1 and 2 engine rotor speeds decreased causing substantia} thrust
asymmetry and increased Umca.

Probable Cause

The National Transportation Safety Board determinesthat the probable cause of
the accident was inadequate Southern Air Transport engine maintenance which
allowed the accumulation ¢f il residues in the engine compressor sections unti!
two engines were incapable of responding to rapid demands for increased power.
Contributing to the accident was the centinuatien of the go-around by the captain
after power had been lost from two engines and the movement of the flap handle
to the fiaps retractedpositicn during the go-around.

The attached brief of accident containsthe Safety Board's findings.
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BY THE NATIONAL TRANSPORTATION SAFETY BOARD

/s/  JAMESL. KOLSTAD
Acting Chairman

/i JMBURNETT

Member

s/ JOHNK. LAUBER
Member

fs/  JOSEPH T.NALL
Member

fsf  LEMOINE V. DICKINSON, JR.

Member

October 10,1988



3 30vd

CHNS/E0/88-HYY/ACIN 140430 ANYKEANS 335 SNOTLVHBOINT MIHLIYNI

MO4 *SANAGAIONS FINVNILNIVH Ad 23MING3Y KONOHLTY (8NV3T Y304 SIHGYM ANIDNT 40 G30D3Y ON *SXNY¥3T 110 331734044

HNY INIOND IN3234 J0 AMOLSIH *IHIHINOH 31LA0¥KL 0L OMOJSIN 01 S3HIONI 4G ALIT14Y ONILINIT ‘SHDSEAMJHOD 2 ¢ T H3IWON
SANIOMT LROHONONHL ONY S3ATUA 04378 N0 S3INCISIY NVI/110 40 NDTLVINWNIDY ANVIH 43WANIY INILS3L NV ANDO¥Y3IL °dOH]
3IN3A HILIMIEIS 01FF4NIG *INIJ HEYNILE04 Ad A3A0NMLSIT 140V *I0MLNOD LSOT 40334S IHA NIVINIVE OL ITAYNN YOLONYLSNL
*AYNEGANA GAH NI NOLLONGIN ONISAVD d3L0U4LEN I4IA S4vId dNNONY-09 ONTHMT Q38¢34IAT 4334831V *GILININ3DIC SINIONT HLOY
SOIINVAQY SITLLONHL NIHM ONDHS3Y Of d39Iv3 T % T HIGWNN SINIONT *IdNLILLY HIJ0YU4KI NI GONT IN3ANLS 35314V ONNOdV-09

QILYILING ANY ST0ULHUY NUUL HOLINHMESNHI ‘ONTINVY G3M7¥d ¥3L4V ANNONY-00 BYE NYMS L4377 433105 NI A3HSYND
e BATIRAA BN e

INYIANIY - (IRUTTeY JUIRNI]BU]

NHANND - 2404030y MN/NNM - BU3- 1310
66 ~SRE] JH 158 ELTS DT EER LEL UEEEL) REBET ~ B4Rl J5E4033%Y
vE ~8heQ Of 3587 0008 ~{3pOY /a4y b~ AINEE SUYGUOY NV 3H
< - S4Y T }5E7 00vY8 - jejoy 535 ~ Hadrang) dlv
(SSNOH) BWLL JURITY MBTADY JLETTd TRIUUGIY (SIEUTIRN/(8)A3ROT4TI5480
LTIWEN/SHINTWA-T9D103M JI1TTVA ~ I3EDITITRNA] [231p8Y G - B5Y PUENRG])-UT-101Td
e JOTFENI O YU [auucsaad_aﬂ_
UHAONY 00 LHOITAYG - ys1y 4o uﬂ*%IPUOD
NI-AHOIUNLS 3NGN - unylRItdIsadd
ALINARBI-8H ~ EpUT/Yd4y BdR) INOH 40181 0F SUOFRONJISQQ
Adq - Shle15 RemUny NAL - BOIRLER]D S0 B4k ANON - BULTI#®] 1san0T
LAYKRASY ~ &0RjUNG RANUNY Mdl -~ YBT4 3UBITH JO B4RL d3IYILIVIS 14 000F ~  BpROIJ/ANE sancT
Q0L /%4401 = DIN/ULT ARAUTY 228454 TH/DLY HS 0o - AIETYQIRIA
e - IUAPT ARAUNY SiH QTQ/0ZZ -Pe¥4A5/4T] PUTH
Ady SLnwdL JHIZDIY BY IWYS JWA - deyjesp drsey
oe] 34094y HOT1ELTISH] TIN4d ~ 9savajaldeo]
JN1/D3V 5¥ 3WVS NOSHAd NI - foyley
1404419 NO JUtod #dRpde48( 315 AHYAWGD ~ PUT BTG XM
ARPTBTHOA,4 Fd0831Y RIB4ABUTY] L ¥ 2] PETLR 2T ]
e -OTFRUIOJU] SUOTREIBA), JUBNUDI AU T e
HM/wNn - Lan0y [aley s -~ $1285 JO 'ON
A0N40d40). - adn] aurTsu]y 000581 - M $RQIQ KEH
S ~ WAYEAG EHTUGEM 1,215 ¥~ SOUTEUZ I3QuNYy AMELICHLIN-TTIAIINL - Jedg EULpUeY
HHAMHN ~ H83EATIOG,pRIT7354T A3 HCLn~106 NOSITIY - TapOy/34Eld BU3 9CHE~T A3IWNINTY - 1apoK/ 842 H
»aunu011&UJOJUI FIHAILTY
LNAJ530~ BUTLn] $34INADD JUBRTIIY
¢ ] o 0 £REq IH04S NO 16 MAD ¥i- dagun PaIInNEuo) JYBILA
& 0 0 G M3 i) Sty TYNGLLIONYLENL - yotIe48dQ jo Bd4hK)
SN 101514 SNOtERG 12324 J3A031530
Hatdfryg AELWL] JpELONTY JEASINON/GYT4 ~ HITHHY] HIV-39€0T 15487 FUTIRIRIQ B4R
..... UOTIEWI0JUT DTS-
124 CREV -~ ({177, awly {5010 *on *BAY Jy¥ HI44Y HIAYYL LB/80/ 8 4T ~ O #1174

PHABETIGY 30  BTul

PASOT "I'l cHOIBNTUSEN
GACU] FYBJFEL WMOTGERILESUES] JRUCT yiy



ZYLIOG 0TE~T¥T 60564 TIT 430 ONIINIWa INMNEIADT'S N2

Friaf of Acordent (Continuwdl

File No. -~ 193 &/08/,87 TRAVIS AFRsCA A/C Red, Mo, N517G0 Time (Lol 1780 v
....... e 1 i 7 = = 8 e 2 ol = ok % 4 4 e e s m e m oo
Necurrencse #1 L G&8S OF FDWER(FARTIAL) ~ HECH FATLURE/MALF
Fhase of Oreration APPROACH ~ GO-4ROUND (UFR?

Finding{s)
1+ CONFRESSOR ASSEMBLY - COHTAMINATION
2. MRINTENANCE =~ INADEQUATE = COMFANY MAINTENANCE FSNL
3. COMFRESSDOR ASSEMBLY ~ FAILURE» FARTIAL

e s e e e A T A W e AR R e 8 A A e e A v i B e e e e = 2 = v m— ot - a7 = h o s e e o e e T T e A e e e A — e e

Occurrence #2 LOSS OF CONTROL - IN FLIGHT
Phase ¢f Oreration APFROACH -~ GO-ARODOUND (VFR)

Finding(s)
%S. AIRCRAFT PERFORMANCE,TWO OR HORE ENGINES - FaAILUREsPARTIAL
6, GO-ARDUNI = CONTINUED - PILOT |IN COMMAND
7. RAISING OF FLAPS = IMPROPER ~
d. HYDRAULIC SYSTEHW - LOSS,PARTIAL
9. FLT CONTROL SYS¥sRUBIER CONTROL - MOVEMENT RESTRICTED
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Gcourrance 3 IN FLIGHT COLLISION WITH TERRAIN
Phase of Oreration DESCENT - UNCONYROLLED
Occurrence #4 FIRE

Phase of Oreration OTHER
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w=~-fProbable Cause----

The National Transrortation Sefety Board determines thgt the Frobable Cuuse(s) of this sccident

is/are ftindingdis?r 1+,2+3+4

Fector{s) relating to this sccident is/are findindis) Seé+7

FAGE 2



